Objectives: To assess the levels and trends in the prevalence of HIVand sexually transmitted infections in the general population in Bagalkot district using 2 cross-sectional surveys undertaken in 2003 and 2009. 
Results: HIV prevalence fell not significantly from 3.2% to 2.5% during the 6-year study period. It decreased significantly (P = 0.023) among persons aged 15 to 24 years, from 2.4% in 2003 (95% confidence interval [95% CI]: 1.2Y3.7) to 1.3% in 2009 (95% CI: 0.6 Y2.0). However, among males aged 35 and above, HIV prevalence increased significantly (P = 0.008), from 3.0% (95% CI: 1.1Y4.8) to 4.2% (95% CI: 1.8Y6.6), a level similar to that found in the younger age-group in 2003.
Conclusions:
We observed a significant decline in HIV prevalence among people aged 15 to 24 years, where HIV prevalence more closely reflects incidence. The increase in HIV prevalence among older males may have been because of the aging of a cohort of men among whom HIV prevalence was highest in the 2003 survey. It may also have in part reflected increased survival, as a result of the scaling up of antiretroviral treatment programs throughout the district and state. The main source of HIV prevalence trend data in India, which is used for modeling the estimates above, is its national sentinel surveillance system, which samples women attending antenatal (ANC) clinics. ANC surveillance data suggest a decline in HIV prevalence among women aged 15 to 24 years after 2000. 3Y5 HIV prevalence estimates based on antenatal surveillance data are used as a proxy for HIV prevalence in the general population, but this has several limitations, as the data are not truly representative of the general population. 6Y11 In India, antenatal care coverage varies from being almost universal in states such as Kerala, Tamil Nadu, and Goa, to as low as 34% in Bihar. 12 In addition, surveillance data are mainly based on women visiting government hospitals, and the use of these hospitals for antenatal care varies across states 10, 13 and by various sociodemographic characteristics, tending to be used by poorer, older, and higher parity women. 12 To understand the true picture of HIV burden in the community as a whole, it is important to examine trends in HIV prevalence using data collected from the general population. However, to date, there are no general population trend data available in India. In this article, we examined levels and trends in HIV and sexually transmitted infection (STI) prevalence in Bagalkot district, Karnataka, from 2 cross-sectional behavioral and biologic surveys conducted in the general population between 2003 and 2009. Between the 2 surveys, HIV prevention, care, and support programmes, both for high-risk groups and the general population, were implemented in the district by the Karnataka Health Promotion Trust.
Bagalkot district is located in the northern part of Karnataka in India and has a geographical area of 6583 km 2 . It has a population of 1.9 million; 32% urban and 68% rural. Heterosexual transmission is primarily responsible for HIV transmission in the district, associated largely with men buying sex from female sex workers (FSWs) and transmitting the infection to their wives and other partners. A recent mapping activity identified 5370 FSWs in the district. 14 
METHODS

Sampling
The study included 10 randomly selected rural areas and 20 randomly selected urban blocks in 3 of the 6 talukas (subdistricts) in Bagalkot district. 15 The same sampling procedure was adopted in both surveys. The 1991 Indian Census list of villages was used as the sampling frame for selecting the rural areas using probability proportional to population size.
The National Sample Survey Organization's sampling frame of urban enumeration blocks for the period 1997Y2002 was used for selecting a systematic random sample of urban blocks. However, in the 2009 survey, 6 urban blocks in Bagalkot city had to be replaced, as they had been submerged under a newly constructed dam. The new urban areas were selected using the National Sample Survey Organization sampling for the period 2002Y2007. The targeted sample size for individual interview in both the surveys was 6600, with an equal rural-urban split.
In both survey rounds, a fresh census of all households was undertaken before each individual interview in all selected areas. The resulting household list was used as the sampling frame to select the required number of respondents in the age-group 15 to 49 years. First, the list of persons in this age-group was arranged according to sex, age, and marital status, and from this list the required number of individuals was selected systematically.
Field Work
Respondents were interviewed in their homes by trained male and female interviewers. After taking verbal witnessed informed consent, the interviewers conducted a lengthy face-toface interview that collected details of knowledge of, and attitudes to HIV and other STIs, as well as potential risk behaviors. 
Laboratory Testing
All serum samples were tested for HIV-specific antibodies using an enzyme-linked immunosorbent assay (ELISA), Detect-HIV (BioChem Immuno Systems, Montreal, Canada) in 2003, and Microelisa-HIV (J. Mitra & Company Private Ltd., New Delhi, India) in 2009. Reactive specimens were confirmed using a second ELISA test, Genedia-HIV (Green Cross Life Science Corporation, Kyunggi-do, South Korea) in both surveys. The same testing procedures and test kits were used on eluted DBS samples in 2009, for those who did not provide a serum sample. For those respondents who did not give a serum or DBS sample, but did provide a urine sample in Round 2, HIV tests were carried out on these samples. Aliquots of urine samples were kept refrigerated at 4-C until tested for HIV-1 antibodies using the Calypte ELISA (Calypte Biomedical Corporation, Berkeley), with confirmation of initially positive results by urine Western blot (Maxim Biomedical Inc, Rockville, MD). To be considered HIV positive, a sample needed to be positive on both tests.
Samples were also tested for syphilis using rapid plasma reagin (Span Diagnostics, Surat, India), and if positive, confirmed with the Treponema pallidum hemagglutination assay (GlaxoOmega, Alloa, Scotland, United Kingdom). Herpes simplex virus (HSV)-2 testing was conducted using the ELISA-based Kalon Biological Kit (Kalon Biological Ltd, Guildford, United Kingdom). In the 2003 and 2009 surveys, HSV-2 testing was carried out on a random subsample of 25% and 12.5% of the serum samples, respectively. 
Ethical Approval
Statistical Analyses
Sample weights were calculated based on design weights, adjusted for effect of differential nonresponse in the selected villages and urban blocks (details on the weighting procedure are given in the appendix). All analyses described later in the text were weighted and took into account the cluster effect of the sampling procedure. We compared the sociodemographic and behavioral variables as well as the syphilis, HSV-2, and HIV prevalences between both rounds, using univariate logistic regression, with the Wald test to assess the statistical significance of the variations observed. We plotted HIV prevalence by 5-year age-groups across the 2 surveys for all subjects and according to sex and place of residence. To formally assess the changes in HIV prevalence between the study rounds by age-group, we first used logistic regression with HIV as the outcome and round, dummy variables corre-sponding to 3 broader age-groups (15Y24, 25Y34, and 35Y 49 years), and interaction terms between age-groups and round, as the independent variables. For multivariate analyses, we repeated the same procedure after controlling for selected sociodemographic characteristics. Five separate logistic models were considered for all subjects, according to sex and place of residence. The sociodemographic variables entered into the models were the taluka (subdistrict), religion, marital status, place of residence (for the analyses combining both urban and rural areas), and sex of the respondent (for the analyses including subject of both sexes). All statistical analyses were performed using Stata version 10.0 (StataCrop LP, College Station, TX, USA).
RESULTS
The response rates for interview and biologic specimens are shown in Table 1 . In the 2003 survey, of the 6703 selected participants, 4008 (60%) agreed to be interviewed and also provided a biologic sample. In comparison, in the 2009 survey, the response rate for the interview and biologic samples was 77%. In the latter survey, 67.0% of respondents provided a serum sample, another 3.6% provided a DBS specimen, and another 6.4% provided a urine sample on which HIV testing was performed. The participation rate improved between the 2 rounds, irrespective of the place of residence and sex of the respondent, although it improved the most in rural areas and among female respondents. In both rounds, more respondents from urban areas participated in the survey than respondents from rural areas. Similarly, the response rate was higher among females than males, irrespective of place of residence. Although their response rate increased over the period, younger (15Y19) subjects were less likely to provide biologic samples than older ones in both rounds.
When comparing sociodemographic characteristics (sex, age, religion, marital status, and education) during the 2 study rounds (data not shown), the only meaningful and statistically significant difference concerned the level of education: the proportion of illiterate subjects decreased from 44.2% to 33.3%, whereas the proportion with a completed secondary level increased from 27.6% to 36.4% (P G 0.001). In both rounds, the majority of participants (52%) were female, median age was 28 years, and about one-quarter of the participants had never been married.
We compared sexual behavior between the 2 surveys among the respondents according to sex and place of residence ( Likewise, indicators listed in Table 2 were compared between the subjects who provided a biologic specimen and those who did not. Although none of these comparisons was statistically significant (data not shown), subjects who provided a biologic sample tended to be slightly more at risk than those who did not. For example, in 2009, 7.0% (95% CI: 6.1Y8.0) of specimen providers reported 91 lifetime sexual partner compared with 4.0% (95% CI: 1.2Y6.9) among nonproviders, with corresponding proportions of 11.3% (95% CI: 8.8Y13.9) and 8.3% (95% CI: 4.7Y11.9) reporting ever having used a condom.
The prevalence of syphilis (0.5% in both rounds) and HSV-2 (22% and 20% in 2003 and 2009, respectively) was relatively stable across the 2 survey rounds (Table 3 ). In 2009, the prevalence of syphilis was slightly higher among females 0.8% (95% CI: 0.3Y1.2) than males 0.3% (95% CI: 0.1Y0.5). In contrast to syphilis prevalence, HSV-2 prevalence was significantly higher in rural areas than urban areas (P = 0.02 in 2003 and P = 0.04 in 2009) in both survey rounds.
Although not statistically significant, we observed an overall decline in HIV prevalence from 3.2% (95% CI: 2.1Y4.4) in 2003 to 2.5% (95% CI: 1.7Y3.3) in 2009 (Table 3 ). In both survey rounds, HIV prevalence was higher in rural than in urban areas.
It was slightly higher among females than males in rural areas in both rounds, whereas the opposite was observed in urban areas. HIV prevalence declined in both rural and urban areas and among males and females. We observed a borderline significant decline in HIV prevalence among all urban respondents (P = 0.072) as well as urban female respondents (P = 0.086) during the 6-year period.
Overall, HIV prevalence had declined by 2009 in all agegroups under 40 years and increased in older age-groups (Fig. 1) . In 2003, HIV prevalence peaked in the 35 to 39 year age-group, whereas it was highest in the 40 to 44 year age-group in 2009. On the other hand, in rural areas, HIV prevalence was highest in the 35 to 39 year age-group in 2003, whereas 2 peak points, at ages 25 to 29 and 40 to 44 years, were observed in 2009. In urban areas, HIV prevalence in 2003 was highest in the 25 to 29 year age; in 2009, it was highest in the 35 to 39 year group. In males in 2003, we observed 2 peaks in the groups aged 25 to 29 and aged 35 to 39, with highest prevalence in the latter group. Similarly, in 2009 also, we noticed 2 peak points for males, one among the 25 to 29 year olds and another in 40 to 44 year olds. In 2003, the prevalence among women was highest in the 45 to 49 year age-group, whereas in 2009, it was highest in the 30 to 34 year age-group. Levels and trends in age-specific HIV prevalence during the 6-year period differed considerably according to sex and place of residence.
We grouped the population into 3 age-groups (15Y24, 25Y34, and 35+ years), and we conducted univariate and multivariate logistic regression models separately according to place of residence and sex of the respondent. HIV prevalence and the crude and adjusted odds ratios for the specific age categories are provided in Table 4 . Overall, among respondents aged 15 to 24 years, we observed a statistically significant reduction of 47% in HIV prevalence during the 6-year period, with a decline from 2.4% to 1.3%. A significant decline in HIV prevalence was also observed among urban respondents aged 25 to 34, from 3.5% to 1.7%. However, among males aged 35+ years, HIV prevalence increased significantly from 3.0% (95% CI: 1.1Y4.8) in 2003 to 4.2% (95% CI: 1.8Y6.6) in 2009. Finally, among women, no significant increase or decrease in HIV prevalence was observed in any age-group, although we identified a decrease in the youngest and oldest groups, and an increase in the 25 to 34 years age-group.
DISCUSSION
In Bagalkot district, during the 6-year period, we observed an overall, but not statistically significant, decline in HIV prevalence. However, we found a statistically significant reduction in HIV prevalence among younger people (15Y24), where most infections are likely to be relatively new, suggesting a decline in HIV incidence. The reduced HIV prevalence identified in the young population in Bagalkot between the 2 survey rounds is consistent with the results of other studies based on sentinel surveillance data of young ANC attenders. 3, 4 We also found a statistically significant increase in HIV prevalence among males aged Q35. This may be in part because of a cohort effect, as the respondents aged over time, since HIV prevalence was highest in 2003 in the 30 to 39 year age-group. This effect may also in part reflect increased survival in that agegroup, as a result of the scaling up of antiretroviral treatment (ART) programmes throughout the state. 16 Emerging evidence has shown associations between rolling out ART and reduced population mortality, particularly in high HIV prevalence settings. For instance, recent estimates of UNAIDS suggest that, worldwide, about 14.4 million adult life-years have been gained because of ART provision between 1996 and 2009, including 233,000 in India. 1 After the provision of free ART by the Karnataka government in 2004, the number of ART users increased from 549 in 2004 to 40,320 in 2009. 17 In 2009, the total number of people living with HIV in Bagalkot was estimated to be 24,040, 14 of whom 16,018 had registered at public ART centers and 8924 had started on ART (Suresh Shastri, personal communication). We thus estimate that about 37% of people with HIV in the district were using ART at the time of the survey, likely confounding estimates of changes in HIV prevalence over time and probably therefore where intervention programmes aimed at high-risk populations should have significant impact in preventing infections in the general population, 19 through reduced infections in the bridging population (sex worker clients). Analysis using sentinel surveillance data from ANC populations in southern India indicated a significant decline in HIV prevalence between 2001 and 2008 among young (aged 15Y24) ANC attenders in districts with highintensity targeted preventive interventions (TIs), whereas in low TI intensity districts, changes in prevalence over time were not significant. 20 Mathematical modeling suggests that during the initial periods of TI implementation, the impact in reducing HIV infection is highest in the young (aged 15Y19 years) ANC population. 21 Another analysis using data from HIV sentinel surveillance among ANC attenders has suggested a strong association between intensive targeted preventive interventions among highrisk groups and reductions in HIV prevalence at the population level, particularly in Karnataka. 22 Although we did not observe any significant changes in reported sexual behaviors (except an increase in condom use), or reductions in the prevalence of other STIs in the general population, we observed an increase in reported condom use by sex workers with their last client, from under 20% in 2003 to 83% in 2011 (Karnataka Health Promotion Trust unpublished data). Although ART use may reduce the likelihood of sexual transmission of HIV from infected individuals to their sexual partners, 23, 24 the reduced HIV prevalence observed in this study among the youngest age-group (15Y24) was unlikely to be due to ART use alone, unless the majority of the ART users preferentially have younger sexual partners. Since an average of 7 years age difference was found between married men and their wives, ART use might though have helped in decreasing the HIV prevalence in women aged 15 to 24.
The current study shares some of the methodological limitations of similar cross-sectional studies. Social desirability might have affected the self-reported sexual-risk behaviors examined in the study. Although nonresponse rates declined over the period, nonresponse can skew outcome estimates. The observed decline in HIV prevalence over the period might actually have been underestimated, due to the participation of more respondents from the higher risk-segment of the population in Round 2. For example, we observed that a higher percentage of participants in Round 2 reported paying for or being paid for sex than in Round 1. In addition, the possible lack of coverage of the most at-risk populations in household surveys (e.g., FSWs, men who have sex with men, prisoners, etc.) can bias HIV prevalence estimates. However, a study examining population data from various countries has suggested that nonresponse bias and noninclusion of certain populations tend to have small effects on HIV prevalence estimates obtained from household surveys. 25 We also had to substitute a few new urban blocks in the 2009 survey. However, as this was done randomly, and as the overall samples were similar, we do not believe that this would have had an important effect on the results. We unfortunately had to use different screening HIV tests, as the test used in 2003 was no longer available in India in 2009; however, the sensitivity and specificity of both tests are similar, 26, 27 thus it is unlikely that this would have affected the results. As obtaining blood samples had been difficult in 2003, we also decided to offer respondents the option of DBS and urine testing for HIV in 2009. As well as having a much higher overall response rate in 2009, there was also an increase in the proportion of respondents providing a biologic sample from 60% to 77%, but this did not significantly alter the composition of respondents. In fact, in 2009 we identified a significant difference in HIV prevalence among those who provided a serum sample versus those who provided a DBS or urine sample, the latter having a higher HIV prevalence than subjects providing serum (data not shown). Consequently, if we had only tested serum samples in 2009, the observed prevalence would have been lower and the decreasing trend greater.
In summary, we believe that the wide coverage and intensive targeted HIV preventive interventions among high-risk groups, which has led to their consistent use of condoms, along with general population health education and scaled-up treatment services for the majority of HIV-infected people in the district, has had a significant impact on reducing the HIV prevalence in this general population over time. However, the use of HIV prevalence as an indicator of incidence reduction will increasingly be confounded by the widespread use of ART. A better indicator of progress in tackling the HIVepidemic in this district is the significant reduction in HIV in the younger age-groups. It is important to continue to monitor these trends, and to obtain better estimates of ART use, to model the real changes in HIV incidence and prevalence.
APPENDIX Sample Weights
Sample weights were calculated based on design weights, adjusted for effect of different nonresponse in each primary sampling unit (these units are the villages and the urban blocks). Let R i be the proportion of the sample that was interviewed in each primary sampling unit. Then, the sample weight w i was calculated as follows:
where, W Di is the design weight for the i th sampling unit and is given as:
where, f is the overall sampling fraction, f 1i is the probability of selecting the í th primary sampling unit, and f 2i is the probability of selecting an individual from the í th primary sampling unit. After adjustment for nonresponse and design effect, the weights were normalized so that the total number of weighted cases was equal to the total number of unweighted cases. The final weight used for each primary sampling weight is given as:
where, n i refers to the actual number of cases who were interviewed in the i th primary sampling unit. Because the non-response rates for interviews and biologic samples differed considerably, we computed separate weights for biologic specimen and questionnaire items.
